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@ Edible plastic compostitions. 

@ An edible plastic composition contains at least 5 wt o/o of 
heat-denatured protein, the heat-denatured protein mainly 
being a dispersion in the form of non-aggregated protein-based 
macrocolloidal particles having a size in the range of from 0.1 to 
10 microns. It is suitable as a low calorie fat replacer in food 
products and for topical applications and is prepared by 
successive heating and concentrating steps in which an 
aqueous composition comprising less than 150/o by weight of 
the water, of heat-denaturable protein is at least partly 
denatured and the protein concentration of the aqueous 
composition is at least doubled and at least part of any soluble 
protein is removed. 

The present process for instance offers the advantage of not 
requiring complicated apparatus, and moreover is easy to 
control. 
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Description 

EDIBLE PLASTIC 

The present invention relates to edible plastic 
compositions a process for their preparation. 

A process is described in European patent 5 
application No. 0 250 623 for the preparation of whey 
protein dispersions having a particle size range 0.1 
to 2.0 microns. The process comprises heat-treating 
an aqueous solution of undenatured whey proteins 
at 80-1 30°C and pH 3.5-5,0 so as to denature said 10 
proteins under conditions of high shear for sufficient 
time to avoid the formation of fused proteinaceous 
aggregates in the product. The process is said to be 
based on the observation that heat denaturation of 
whey proteins having a particle size of about 17 15 
Angstroms proceeds in a discrete two stage 
transition from the native whey protein to the large 
heat-denatured aggregated whey proteins about 
15-175 microns in size which form a gel the micro 
structure of which is pH-dependent, via an inter- 20 
mediate form of non-aggregated particles 0.1-2 
microns. These latter exhibit desirable organoleptic 
response when dispersed in an aqueous medium, 
aptiy described as an emulsion-like mouthfeel 
closely approximating to that of fat/water plastic 25 
emulsions, when the proteins are hydrated. 

We have found that a similar edible plastic product 
comprising an aqueous microcolfoidal dispersion 
may be obtained without the necessity of subjecting 
the aqueous protein solution to high shear condi- 30 
tion, by a process comprising successively heating 
and concentrating an aqueous composition com- 
prising less than 15o/o by weight of the water, of 
heat-denaturable protein so as to at least partly 
denature said protein and at least double the protein 35 
concentration of the aqueous denatured protein 
composition to provide a plastic composition com- 
prising at least 5 wt.o/o of heat-denatured protein in 
the form of non-aggregated protein-based microcol- 
loidal particles preferably having a size in the range 40 
of from 0.1 to 10 microns, but including up to 50 
microns, more particularly 5-30 microns. The smaller 
ranges give a particularly non-grainy product for 
food products but the larger ranges are also 
acceptable according to their application, 45 

The present process offers the advantage that it 
may be carried out with relatively simple apparatus of 
the kind usually available in dairy processing plants, 
and does not require the use of a fluid processing 
device as described in EP-A 0 250 623, It is relatively 50 
easy to control, due to the fact that it neither 
requires high shear conditions nor is it essential to 
adopt very short heating times, nor such high 
temperatures. It also allows the incorporation of 
shear-sensitive ingredients, such as starches and 55 
gums or other thickening agents, in the protein 
containing aqueous compositon prior to the heat 
treatment. At the relatively low temperatures of the 
invention these nevertheless do not interact with the 
protein through the Malliard or other reactions. In the 60 
present process the heat treatment which results in 
the denaturation of proteins may thus additionally 
serve the purpose of pasteurizing the ingredients of 
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COMPOSITIONS 

the final product even if these ingredients are 
sensitive to shear. 

The products obtained with the present process, 
when viewed under a microscope, in particular if 
concentrated to a high protein content, may seem to 
comprise a protein-network, i.e. not to be built up of 
non-aggregated protein-based microcolloidal par- 
ticles. In fact a protein-network is absent and 
conversely the presence of non-aggregated par- 
ticles, may be readily demonstrated by diluting the 
concentrated product with water. After the addition 
of the water, under slow stirring, the products 
obtained by the present process, will form a 
homogeneous suspension, whereas products com- 
prising a protein network will only form a homogene- 
ous suspension if subjected to high shear. 

By a plastic composition, as referred to 
throughout this application, is meant a composition 
having a consistency which may be compared with 
products like yogurt, cream, quark, spreads and 
processed cheese. Preferably the products ob- 
tained by the present process have a rather firm 
consistency, i.e. a consistency similar to quark, 
spreads or processed cheese. 

In the present process the heat-denaturable 
protein applied, is preferably selected from the 
group of proteins consisting of: whey protein, 
egg-albumin, soya protein, gluten protein, which 
may be enzymaticalty modified and blood albumin. 
For such preparations insoluble matter including 
protein and carbohydrates present must first be 
separated and a soluble protein fraction used in the 
process of the invention. The properties of the 
plastic composition obtained depend on the particu- 
lar protein used. To obtain a composition meeting 
specific demands with regard to, for instance, its 
rheotogical properties, different proteins may favour- 
ably be applied in combination. Non-dairy protein 
products of the process according to the invention 
are novel compositions of matter. 

Preferably the aqueous composition used is dairy 
whey, optionally delactosed. This embodiment offers 
the advantage of being very economical as it allows 
the use of non-upgraded whey. Moreover, if whey 
applied in the present process is first concentrated, 
a valuable by-product in the form of a lactose-en- 
riched, deproteinated aqueous composition is addi- 
tionally obtained. 

Although in the present process the aqueous 
composition, prior to the heat treatment may contain 
as much as 150/o, by weight of the water, of 
heat-denaturable protein, it is preferred to apply a 
protein content of less than 8 wt.o/o and more than 
0.5 wt.o/o of heat-denaturable protein. If relatively low 
concentration levels are applied the final products 
appear to have a very smooth texture. Such 
products exhibit less deficiencies such as graini- 
ness. In particular, undenatured whey proteins 
should be preferably heated at a concentration 
below the critical gel concentration of approximately 
80/0. 
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In a preferred embodiment of the present process 
the aqueous composition is heated in the heating 
step to a temperature of less than 100°C more 
preferably to a temperature between 60 and 80°C 
and particularly 65-75*^C. It was found that at higher 
temperatures, in particular at temperatures above 
100°C, off-flavours are generated. The development 
of such off-flavours is undesirable if the present 
process is used for the preparation of ingredients for 
food products or pharmaceuticals. The heating 
stage of the invention is substantially limited to those 
conditions of time and temperature which at pH = 4.6 
render insoluble not more than 10% of proteins in 
whey. Reference may be made to Fig. 10.5 on page 
172 of "Dairy Chemistry and Physics" by Walstra and 
Jenness (John Wiley & Sons), in which the preferred 
conditions of the heating step of the present 
invention appear below the curve along which IOO/0 
of whey proteins are rendered insoluble at pH 4,6. 

Preferably higher heating temperatures are com- 
bined with shorter heating times. Best results are 
obtained if the aqueous composition is heated less 
than 1 hour, more particularly from 1 minute to a 
maximum of 30 minutes, preferably less, within the 
temperature range 75 to 60°C. 

Although at some stage of the present process it 
may be desirable to stir the aqueous composition, 
no benefits are obtained from subjecting said 
composition to high shear. Thus in the present 
process the aqueous composition, during the heat 
treatment, is preferably subjected to less shear than 
500, more preferably less than 200 reciprocal 
seconds. Most preferably, during the heat treatment, 
the aqueous composition is subjected to substan- 
tially no shear. 

After the heat treatment the aqueous composition 
may suitably be concentrated by the application of 
any concentrating-technique known in the art. 
Examples of such techniques are: ultrafiltration, ion 
exchange, electro dialysis, micro filtration, or more 
preferably centrifugation. The suitability of these 
techniques depend, for example, on the ingredients 
present in the aqueous composition and on the 
desired degree of concentration in addition to 
effectiveness in removing undenatured whey pro- 
tein. 

The concentrating-step in the present process is 
required both to remove undenatured protein and 
attain the desired consistency. The more the 
aqueous composition is concentrated, i.e. the water 
content reduced, the more firm the concentrated 
product becomes. Thus, in practice, the degree of 
concentrating required merely depends on the 
consistency desired. Since, however the present 
process is particularly suitable for producing com- 
positions having a fat-like, spreadable, consistency, 
it is preferred to concentrate the aqueous composi- 
tion to a protein content of at least 7 wt.0/0, more 
preferably to a protein content of between 8 and 60 
wt.0/0. The aqueous composition may alternatively be 
dried, for example by freeze or spray drying, so as to 
obtain a particulate composition containing essen- 
tially no water. Since, however, such drying tech- 
niques are rather expensive and difficult to control, it 
is preferred to concentrate the aqueous composi- 



tion to a protein content of between 8 and 60 wt.0/0, 
the balance mainly consisting of water. 

Although concentrates having protein contents as 
high as 60 wt.0/0, in general, do not possess 
5 favourable rheologica! properties, it may be useful to 
manufacture such concentrates as they may be 
diluted at a later state to the desired concentration 
level without substantial loss of beneficial proper- 
ties. The desired rheological properties are ob- 

10 served if the protein content of the concentration is 
in the range of from 8 to 25 wt.0/0. 

The concentrating step in the present process 
may be facilitated by using techniques to enhance 
precipitation of the protein by, for example, acid- 

15 ifying the aqueous phase, preferably prior to con- 
centrating. Acidification is preferably in the range 
below pH = 7 to pH 4. Acidification may lead to 
some increase in particle size, this may be reversed 
by increasing the pH again after the concentration 

20 step to a higher value still below 7, preferably in the 
range pH 6 to 6.8. Instead of acidification alternative 
techniques such as addition of certain cations may 
be used to facilitate the concentrating steps. 
The plastic composition obtained by means of the 

25 present process comprises protein-based particles 
having a size, as determined by a Coulter Counter 
(Tradename) Model 2M particle size analyzer, in the 
range of from 0.1 to 10 microns. Preferably the 
particle size distribution of the plastic composition is 

30 such that at least 70 vol. 0/0, more preferably at least 
85 vol. 0/0 of the protein-based particles having a 
diameter in the range of from 0.4 to 100 microns, 
having a diameter in the range of from 0.5 to 5 
microns, as measured by means of a Coulter 

35 Counter Model ZM particle size analyzer. More 
preferably at least 85 vol. 0/0 of the particles have a 
diameter in the range of from 1-3 microns. If the 
diameter of the particles becomes rather large, 
deficiencies such as graininess are observed. 

40 Although in some instances we have found that 
the particle size distribution observed with the 
Coulter Counter measurements differed from the 
size-distribution determined from microscopical im- 
ages, the distribution measured with the Coulter 

45 Counter apparatus (using the technique described 
in the Manual for the Model ZM, issued in February 
1985, part number 9942204, by Coulter Electronics 
Ltd, Luton, England) appears to give a good 
indication of the quality of the product. 

50 The products of the invention exhibit good 
microbiological stability and may be stored with a 
preservative e.g. K sorbate at 5^C for two months or 
more without significant deterioration. They may be 
used to provide a low calorie food product by 

55 replacing at least part of the fat present in such 
foodstuffs as butter and other dairy products, e.g. 
cheese, yogurt, margarine and fat-containing emul- 
sion food spreads generally, including chocolate and 
other flavoured spreads, ice cream, salad dressings 

60 and mayonnaise, dairy and non-dairy creams. The 
products may also be incorporated in creams and 
other products for topical application to the body, for 
example in cosmetics optionally in combination with 
an acceptable vehicle material, for example a 

65 fat-based cream. 
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The present invention is illustrated by the follow- 
ing examples: 

Example 1 

2 litres of 50/o aqueous solution (pH = 6.7) of Bipro 
(Tradename) undenatured whey (ex. Bio-isolates 
PLC, Swansea, UK), was partly denatured by heating 
10 minutes at 65°C. A milk-like stable, colloidal 
dispersion was thus obtained. The colloidal disper- 
sion was acidified to a pH of 4.7 by heating the 
dispersion to 35°C after the addition of 0.5 wt.o/o of 
glucono-delta-iactone. 

The distribution of the diameter of the protein- 
based particles present in the dispersion was 
measured by means of a Coulter Counter (Trade- 
name) Model ZM particle size analyser. Most 
particles appeared to have a diameter in the range of 
from 1-3 microns. The composition was subse- 
quently concentrated by centrifuge (at 1000 g) after 
which a spreadable mass, containing about 15 wt.o/o 
of protein and 85 wt.o/o of water was obtained. 

Pictures of the plastic product diluted in water 
were taken under an electron microscope at differ- 
ent magnification. The whey protein is present in the 
form of non-aggregated microcolloidal particles in 
the size range 0.1-19 microns, confirmed by Coudl- 
ter counter determination. The product after addition 
of water could easily be converted to a homogene- 
ous suspension by slowly stirring the mixture. 

Before the heat treatment beta carotene had been 
added to the Bipro whey solution. Thus a plastic 
spreadable composition having a slightly yellow 
colour was obtained. This coloured spread had an 
appearance which is very similar to margarines 
containing a relatively high amount of polyunsatu- 
rated fatty acid residues, i.e. when compared with 
other types of margarines it was slightly more 
glossy. 

The product furthermore appeared to spready 
easily and, also in some respects, its rheological 
properties were found to be very similar to those of 
ordinary spreads such as margarines and low calorie 
spreads. In addition the oral response of the product 
was found to be very good as no deficiencies such 
as gratniness, etc. were observed. 

Example 2 

Experiment 1 was repeated except that Albuvir HC 
84 (Tradename) ex. Union Latfere Normande, 
Conde-sur-Vire, France was applied as the whey 
protein source. 

The product obtained resembled the product 
obtained in Example 1. The oral response of the 
product, however, was Judged to be superior to that 
of the product of Example 1. 

Example 3 

5 litres of natural whey containing 0.5-0.60/o 
protetn, obtained in the preparation of Gouda 
cheese, after separation of residual casein by means 
of filtration, were subjected to the heating and 
concentrating procedure of Example 1. Before the 
concentrating step the pH of the dispersion was 
reduced to be 4.3. The product obtained after 
centrifugation had an appearance and properties 



similar to the products of Examples 1 and 2. 
Example 4 

120 litres of an aqueous solution containing 50/0 
5 plate HC 86 whey solution was passed continuously 
through a plate heat exchanger providing a contact 
time of 2 minutes at 76°C. Citric acid was then added 
with stirring to reduce the pH to 5.0 and the protein 
suspension was centrifuged as described in 
W Example 1 , to produce a smooth plastic product with 
an average particle size of approximately 2 microns. 
A similar result was obtained from cheese whey on 
the same scale. 

15 Example 5 

Soya miik (ex Aarhus 0/F) was heated for 15 
minutes at 65°C, acidified to a pH==4.7 with 10/0 
giucuno delta lactone and centrifuged at lO.OOOg. to 
produce a smooth plastic product having an average 

20 particle size of 3.6 microns resembling the whey 
protein products of the preceding examples. Fat 
present in the soya milk was removed from the 
product in the supernatant liquor. 

A similarly smooth product of average particle size 

25 2.4 microns was also obtained by a similar method 
from the soluble fraction of soya concentrate (Unico 
75 Loders Croklaan, Wormerveer, Netherlands). 

Example 6 

30 Egg albumen obtained by separating yolk from 
eggs was heated for 15 minutes at 50°C after dilution 
with equal part by weight of water and acidified from 
pH 9.3 to 4.7 by the addition of giucuno delta lactone. 
After centrifugation as before (1000 g) a plastic 

35 composition was obtained with average particle size 
3.1 microns. 



Claims 

40 

1. Process for the preparation of a plastic 
food composition, the process comprising 
successively heating and concentrating an 
aqueous composition comprising less than 

45 150/0 by weight of the water, of heat-denatur- 

able protein so as to at least partly denature 
said protein and at least double the protein 
concentration of the aqeous denatured protein 
composition and remove at least part of any 

50 remaining undenatured protein present, to 

provide a plastic composition comprising at 
least 5 wt.o/o of heat-denatured protein in the 
form of non-aggregated protein-based micro- 
colloidal particles 

55 2. Process according to any of the preceding 

claims wherein the concentration of protein in 
the aqueous composition is below the critical 
gel concentration. 

3. Process according to claim 1 or 2 wherein 
60 the aqueous denatured protein composition is 

concentrated to a protein content of at least 
70/0. 

4. Process according to any one of the 
preceding claims wherein the aqueous dena- 

65 tured protein composition is concentrated to a 
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protein content of between 8 and 60 wt o/o. 

5. Process according to any of the preceding 
claims wherein the aqueous composition is 
heated to a temperature between 60 and 80°C. 

6. Process according to any of the preceding 5 
claims wherein the aqueous protein composi- 
tion is heated for a period from 1 to 30 minutes 
within the temperature range 75 to 60*^0. 

7. Process according to any of the preceding 
claims wherein during heating the aqueous 10 
composition is subjected to less than 500 
reciprocal seconds of shear. 

8. Process according to claim 7 wherein the 
aqueous composition is subjected to substan- 
tially no shear during heating. 15 

9. Process according to any of the preceding 
claims wherein the aqueous denatured compo- 
sition is concentrated at a pH in the range 4 to 7. 

10. Process according to claim 9 wherein the 
aqueous composition is acidified to a pH in the 20 
range 4 to 7 after the heating step and before 
the concentration step. 
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11. Process according to any of the preceding 
claims wherein the heat-denaturable protein Is 
selected from whey protein, egg-albumin, soya 
and blood albumin, gluten protein and enzy- 
matically modified gluten protein. 

12. Process according to claim 11 wherein the 
aqueous composition comprises dairy whey. 

13. Process according to claim 12 wherein the 
aqueous composition comprises delactosed 
dairy whey. 

14. A plastic composition comprising a disper- 
sion of non-dairy whey protein-based particles 
preferably having a size range from 0.1 to 50 
microns. 

15. Food products of which at least part of the 
fat content normally present is replaced by a 
plastic food composition prepared as claimed in 
claim 1 or as claimed in claim 14. 

16. Topical compositions suitable for applica- 
tion to the body and comprising a plastic 
composition as claimed in claim 14 in combina- 
tion with an acceptable vehicle material. 
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© An edible plastic composition contains at least 5 
wt.% of heat-denatured protein, the heat-denatured 
protein mainly being a dispersion in the form of non- 
aggregated protein-based macrocolloidal particles 
having a size in the range of from 0.1 to 10 microns. 
It is suitable as a low calorie fat replacer in food 
products and for topical applications and is prepared 
by successive heating and concentrating steps in 
which an aqueous composition comprising less than 
15% by weight of the water, of heat-denaturable 
protein is at least partly denatured and the protein 
concentration of the aqueous composition is at least 
doubled and at least part of any soluble protein is 
removed. 

The present process for instance offers the ad- 
vantage of not requiring complicated apparatus, and 
moreover is easy to control. 
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